We examined the relationship between urinary excretion of the RNA oxidation marker 8-oxo-7,8-dihydroguanosine (8-oxoGuo) and kidney injury comparing type 1 diabetes patients with different levels of albuminuria (normoalbuminuria: N = 58, microalbuminuria: N = 46, macroalbuminuria: N = 46) and a nondiabetic control group (N = 57). Urinary 8-oxoGuo was measured in spot urine samples using ultraperformance liquid chromatography and tandem mass spectrometry. Urinary 8-oxoGuo was significantly higher in the patients [2.85 (2.45-3.33) vs. 2.49 (2.12-2.96) nmol/mmol creatinine, P = 0.01]. However, after adjustment for possible confounders of oxidative stress, the differences reduced slightly and became statistically nonsignificant (P = 0.07). There were no significant differences in the level of 8-oxoGuo between the three groups of patients (P = 0.53) and there were no significant associations between 8-oxoGuo and estimated glomerular filtration rate or albumin-creatinine ratio. In conclusion, urinary excretion of the RNA oxidation marker 8-oxoGuo does not differ between type 1 diabetes patients with different levels of albuminuria.
Introduction
Oxidative stress is believed to play an important role in the pathogenesis of complications in diabetes, where the generation of reactive oxygen species leads to oxidation of many macromolecules including lipids, proteins, carbohydrates, and nucleic acids [1, 2] . 8-oxo-7,8-dihydroguanosine (8-oxoGuo) is a widely used biomarker of oxidative stress to RNA. Urinary excretion of 8-oxoGuo has been receiving increasing attention as it was shown to be an independent predictor of mortality in type 2 diabetes [3, 4] .
Whether urinary 8-oxoGuo excretion is increased in diabetic patients compared with healthy individuals is unknown, and no studies have investigated the association between urinary excretion of 8-oxoGuo and the presence of diabetes complications.
The aim of this study was to examine the relationship between urinary 8-oxoGuo, assessed in spot urine samples, and kidney injury in a cross-sectional study comparing three groups of type 1 diabetes patients with different levels of albuminuria and a nondiabetic control group.
Methods
This study was based on data from a cohort used to identify biomarkers of diabetic nephropathy [5] . The population included Caucasian patients with type 1 diabetes from the outpatient clinic at the Steno Diabetes Center. On the basis of albumin excretion in 24-h urine samples that were collected as part of the routine care of the patients before the present study, patients were divided into three groups: 58 with normoalbuminuria [urinary albumin excretion rate (UAER) < 30 mg/24 h], 46 with persistent microalbuminuria (UAER between 30 and 300 mg/24 h), and 46 with persistent macroalbuminuria (UAER > 300 mg/24 h). The control group included 57 nondiabetic healthy individuals. The 24-h urine samples were only used for assessment of inclusion criteria. Groups were matched by sex and duration of diabetes. Assessment of participant characteristics has been described in detail elsewhere [6] .
Urinary 8-oxoGuo was measured in spot urine samples at the Laboratory of Clinical Pharmacology, Rigshospitalet, Copenhagen. The urine samples, stored at -80 to -201C until analysis, were assayed in 2009 for 8-oxoGuo using a validated method of ultraperformance liquid chromatography (UPLC) and tandem mass spectrometry (MS) [7] . 8-oxoGuo was normalized against urinary creatinine concentration.
The study was carried out according to the principles of the declaration of Helsinki. Written informed consent was obtained from all patients and the study was approved by the local ethics committee.
Data are presented as mean±SD for normally distributed variables or median (interquartile range) for non-normally distributed variables. Comparisons between groups were performed using the w 2 -test for categorical variables and analysis of variance for continuous variables. To account for the effects of potential confounders of oxidative stress, analysis of covariance was carried out.
Linear regression analysis was used to assess the association between urinary 8-oxoGuo and markers of renal function: estimated glomerular filtration rate (eGFR) and albumin-creatinine ratio (UACR).
Because of deviation from normal distribution, 8-oxoGuo was log-transformed before calculation.
All statistical analyses were carried out using the SAS software, version 9.1 (SAS Institute Inc., Cary, North Carolina, USA). Statistical significance was defined as P value less than 0.05. All statistical tests were two sided.
Results
The characteristics of the control group and patients are shown in Table 1 .
Compared with the control group, the patients had significantly higher HbA1c, and UACR, and had significantly lower eGFR. Patients had significantly higher systolic blood pressure, whereas diastolic blood pressure was significantly higher in the control participants. Although not statistically significant, a greater proportion of the patients were smokers.
The three groups of type 1 diabetes patients were well matched in terms of the duration of diabetes, BMI, blood pressure, and sex. Patients with macroalbuminuria were younger than patients with normoalbuminuria and microalbuminuria. Serum creatinine was significantly higher and eGFR was significantly lower in the macroalbuminuric group than in the other two groups. In addition, although not statistically significant, the proportion of participants who were smokers differed between the groups, where the proportion increased with the degree of albuminuria. Patients with normoalbuminuria had a significantly lower level of HbA1c.
Urinary levels of 8-oxoGuo in the patient and the control group are shown in Table 1 and in Fig. 1 .
Urinary 8-oxoGuo was significantly higher in the patients [2.85 (2.45-3.33) vs. 2.49 (2.12-2.96) nmol/mmol creatinine, P = 0.01]. However, after adjustment for possible confounders of oxidative stress, age, sex, and smoking, the differences reduced slightly and became statistically nonsignificant (P = 0.07).
There were no significant differences in the level of 8-oxoGuo between the three groups of type 1 diabetes patients (P = 0.53). Similarly, after adjustment for possible Data are mean±SD or median (interquartile range) unless otherwise indicated eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; U-8-oxoGuo, urinary 8-oxo-7,8-dihydroguanosine; UACR, urinary albumin excretion rate. P value refers to the overall difference between groups (analysis of variance). 
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Urinary 8-oxoGuo in the three groups of type 1 diabetes patients. Data are least square means±SE of ln 8-oxoGuo. Data were analyzed by analysis of variance and by analysis of covariance after adjustment for potential confounders of oxidative stress: age, sex, smoking status, and HbA1c.
confounders of oxidative stress, age, sex, smoking, and HbA1c, no significant differences were observed (P = 0.92) ( Fig. 1 ).
There were no significant associations between 8-oxoGuo and eGFR (R 2 = 0.009, P = 0.26) or UACR (R 2 = 0.009, P = 0.26). In addition, the patients' use of medication [hypertensive agents (RAAS inhibitors, diuretics, b-blockers, calcium-channel blockers), statins, and acetylsalicylic acid] was not associated significantly with 8-oxoGuo excretion (data not shown).
Discussion
This is the first study to investigate the association between kidney injury in diabetes and urinary 8-oxoGuo. 8-oxoGuo in spot urine samples did not differ significantly between type 1 diabetes patients with normoalbuminuria, microalbuminuria, and macroalbuminuria, respectively. 8-oxoGuo was not associated with markers of renal function (eGFR and albumin-creatinine ratio).
8-oxoGuo excretion was increased in type 1 diabetes patients compared with the control group, although adjustment for possible confounders of oxidative stress rendered the difference nonsignificant.
Our study has some limitations. Matching was not ideal. Most importantly, the three groups differed significantly in age and in the level of glycated hemoglobin, which are known to be closely associated with nucleic acid oxidation. In addition, although not reaching statistically significance, the proportion of smokers was not the same in all three groups. These differences were accounted for in adjusted analysis (analysis of covariance). Other limitations of this study are that we only measured 8-oxoGuo and no other RNA oxidation markers or metabolites were measured, and that the method used to estimate GFR could be too insensitive to detect small differences in GFR.
We have previously shown that urinary excretion of the RNA oxidation marker 8-oxoGuo assessed using UPLC-MS in freshly voided morning urine samples independently predicted mortality in type 2 diabetes patients both when assessed shortly after diagnosis of diabetes and after 6 years of diabetes duration [3, 4] . This association has given rise to speculations of whether this urinary marker is merely a measure of the kidney function, where patients with renal complications have a greater excretion of 8-oxoGuo than those without. The present study does not support this notion as patients with microalbumnuria or macroalbumnuria did not have greater levels of 8-oxoGuo excretion than patients with normoalbuminuria.
In conclusion, urinary excretion of the RNA oxidation marker 8-oxoGuo assessed in spot urine does not differ between type 1 diabetes patients with different levels of albuminuria.
